We report a case of complete bilateral cerebellar infarction diagnosed in utero by routine prenatal ultrasound and magnetic resonance imaging in a 26-week-old fetus. This posterior fossa ischemic stroke with secondary hemorrhage caused transient obstructive hydrocephalus and likely occurred subsequent to vertebrobasilar artery thrombosis. Such posterior fossa ischemic insults diagnosed in utero are rare with scarce clinical reports. The serial imaging characteristics, clinical, and developmental implications of this case are reviewed.
Ischemic stroke in utero is typically a clinically silent event. Abnormal brain signal detected on routine prenatal ultrasound often prompts fetal magnetic resonance imaging (MRI), hopefully leading to an etiological diagnosis that will facilitate optimal management of the pregnancy. Fetal stroke is most frequently hemorrhagic in nature, and large-vessel ischemic stroke is most common in the left anterior circulation, especially in the middle cerebral artery territory and potentially due to the hemodynamics created by a patent ductus arteriosus. 1 Here, we report a case of bilateral cerebellar infarction diagnosed in utero and demonstrate rarely captured serial imaging characteristics of a posterior circulation thromboembolic stroke in a fetus.
Case Report
Routine prenatal ultrasound of a 35-year-old G 2 P 1 A 0 mother at 25 weeks gestation revealed fetal hydrocephalus and a 2-vessel umbilical cord. MRI at 26 weeks gestation revealed obstructive hydrocephalus, abnormal T2-weighted signal in the cerebellum ( Figure 1A) , and diffuse signal abnormality on gradient echo sequences in the bilateral cerebellar hemispheres extending into the midbrain consistent with hemorrhage ( Figure 1B ). Diffusion-weighted imaging and apparent diffusion coefficient maps were consistent with completed infarction of the bilateral cerebellar hemispheres ( Figure 1C ). A repeat MRI at 30 weeks of gestation demonstrated persistent abnormal signal in the cerebellum with decreased mass effect and decreased supratentorial hydrocephalus along with cerebellar volume loss and evolution of the hemorrhagic component ( Figure 1D ). The family did not endorse known environmental or familial stroke risk factors, and evaluation of maternal predisposition to stroke was unremarkable.
The male infant was delivered by caesarian section at 36 5/7 weeks gestation secondary to intra-uterine growth retardation, reduced movements, and breech presentation. Apgar scores were 5 at 1 minute and 8 at 5 minutes, and mild jitteriness was noted on neurological exam. MRI on postnatal day 2 revealed almost complete absence of the cerebellar hemispheres with increased T1-weighted signal returned from the cerebellar remnants ( Figure 1E ). There was abnormal T2-weighted, gradient echo signal within the posterior fossa suggestive of abnormal blood products ( Figure 1F ). Magnetic resonance angiogram demonstrated partial signal loss returned from the left distal vertebral artery at the V3 and V4 levels ( Figure 1G and 1H).
Pathology revealed a small for gestational age placenta with remote thrombus of 1 umbilical artery, explaining the 2-vessel cord. The infant's hypercoagulable and metabolic evaluations were unremarkable, and a thorough maternal history, physical examination, and hypercoagulable panel did not reveal any maternal predisposition to thrombosis. Echocardiogram identified a small patent foramen ovale with physiologic shunt. The infant was discharged home at 10 weeks of age with no etiologic diagnosis for his stroke. 
Discussion
Fetal stroke (occurring between 14 weeks gestation and labor onset) is usually clinically silent, but now is ascertained more frequently due to aggressive prenatal ultrasound screening. The true incidence and prevalence is unknown, but 91% of fetal strokes are hemorrhagic with an average age at diagnosis of 31 weeks gestation, 2 and they most commonly occur in the anterior circulation (middle cerebral artery territory). 3 Our case provides rare documentation of a posterior circulation, large vessel ischemic stroke in a fetus before 28 weeks gestation. The event was ascertained by detection of hydrocephalus on prenatal ultrasound and was confirmed by fetal MRI (Figure 1A-D) . The imaging findings suggest that the cerebellar stroke was ischemic at onset with a secondary hemorrhagic component due to the diffusion restriction returned from the bilateral cerebellar hemispheres ( Figure 1C ) and the superficial blooming on gradient echo images ( Figure 1B) . Given the history of umbilical artery thrombosis and bilateral cerebellar infarcts associated with hemorrhage, we considered the possibility of venous infarction; however, the partial signal loss returned from the distal left vertebral artery on magnetic resonance angiogram is highly suggestive of an embolic or thrombotic etiology. Overall, the imaging data suggest that transient thrombosis of the left vertebral and proximal basilar arteries led to occlusion of bilateral posterior inferior cerebellar and anterior inferior cerebellar arteries, and subsequently to bilateral cerebellar infarction. The superficial cerebellar hemorrhage is consistent with reperfusion injury. Involvement of the pontine perforators and the superior cerebellar arteries would have led to complete posterior fossa infarction that is not compatible with life.
Significant variability in long-term outcomes is reported in perinatal stroke. A meta-analysis revealed that 40% of infants were neurologically normal, 57% were neurologically or cognitively impaired, and 3% had fatal outcomes. There are minimal data describing prenatal posterior fossa ischemic injury, and such cerebellar insults identified postnatally could be confused with congenital malformations such as Dandy-Walker malformation. 4 Near complete absence of a cerebellum attributed to cerebellar agenesis has been observed incidentally in 2 adults with neurological deficits. 5 One man lived to age 79 years and had at least slurred speech, a ''squint,'' and an abnormal gait attributed to near absence of the cerebellum that was identified upon postmortem examination. 5 The second individual's near absence of a cerebellum was identified at age 59 years upon MRI examination due to acute hearing loss. This woman had oculomotor abnormalities, ataxic gait, slurred speech, absent conditioned eye blinks, poor fine motor control, and she demonstrated mild to moderate neuropsychological deficits and never learned to read or write. 5 Our case demonstrates that the vulnerable cerebellum can be injured in utero and documents vertebrobasilar thrombosis and resultant ischemic stroke as one such mechanism of injury. Various etiologies of intrauterine cerebellar damage have been entertained, including hemorrhage, hypoxia, infection, inflammation, glucocorticoid exposure, undernutrition, and remote cerebral lesions. 6 Deficits predicted by such cerebellar insults include oculomotor, motor, and speech problems, ataxia, and intellectual disabilities as manifested in the adult individuals discussed above. 5, 7 Our patient had a relatively uncomplicated hospital course, but he subsequently returned for gastric-tube placement due to dysphagia and failure-to-thrive, and at 1 year of age he manifests global developmental delays and subtle vision impairment with normal cortical evoked responses.
Cerebellar parenchymal loss is a common finding in premature infants and in infants with motor deficits. 6 Volumetric magnetic resonance imaging studies have shown that cerebellar volume increases 5-fold from the 24th to 40th week of gestation, which is nearly unparalleled by other brain structures; and which can predispose the cerebellum to vascular ischemic insults. 6 However, this theory of vascular insufficiency as a cause of cerebellar injury and subsequent motor deficits has not been confirmed. Loss of cerebellar parenchyma and superficial hemosiderin deposition on magnetic resonance imaging has been documented in adult patients with neurological deficits. 8 Our case illustrates that large vessel ischemic stroke can cause cerebellar parenchymal injury as early as the 25th week of gestation and that such insults can lead to clinically significant neurological compromise.
Conclusion
In summary, this case demonstrates serial imaging of a posterior circulation thromboembolic stroke that resulted in complete cerebellar infarction before 25 weeks of gestation. Without prospective data, it is impossible to predict long-term outcomes in infants with severe bilateral in utero cerebellar ischemic injury; however, neurologic disabilities are expected. The emerging field of fetal MRI will lead to increased ascertainment of fetal stroke and will facilitate prospective studies. It is imperative that subspecialist teams collaborate to better define the etiology, risk factors, imaging characteristics, and management of fetal stroke with the ultimate goal of prevention.
